We report on an XPS study of AlN thin films grown on Si (100) Our results show that predominate formation of AlN as high as 74 at. % is achievable using substrate temperature as the only process parameter. This high fraction of AlN in thin film surface composition is remarkable when compared to other growth techniques. Also, the formation of other phases is established based on their elemental concentrations.
Introduction
Aluminum nitride (AlN) is a wide band-gap semiconductor having potential applications in the fields of electronic and optoelectronic devices [1, 2] . Polycrystalline AlN thin films found their technical importance as optical sensors in UV range, acoustic-optic devices and piezoelectric stress sensors [3] [4] [5] . Herein, synthesis of these films is crucial in such applications. In this context, X-ray photoelectron spectroscopy (XPS) is an analytical technique which has been widely used to explore the composition of AlN powders as well as thin films [6, 7] . AlN thin films, grown by various deposition techniques such as direct current (DC) magnetron sputtering [8] , ion implantation [9] , metal-organic chemical vapor deposition (MOCVD) [10] and pulsed laser deposition (PLD) [11] have been investigated to quantify the fraction of AlN formed as well as impurity elements such as carbon, metallic aluminum and oxygen unintentionally incorporated into the film during deposition process. XPS analysis becomes even more important when thin films are grown by ion beam sputter deposition (IBSD) executed in assistance of reactive flux of gaseous ions. Such non-equilibrium deposition process is often vulnerable towards compositional changes. In case of AlN thin films deposited by reactive assistive IBSD, aluminum atoms are sputtered with a simultaneous supply of reactive flux of nitrogen (N + /N 2 + )
which react on the substrate surface to form AlN [12] . Also, an independent control of incident ion energy and current along with the other deposition parameters such as substrate temperature, assisted ion energy as well as current, are expected to influence the formation of AlN. Hence it is always essential to quantify the fraction of AlN that has formed as a function of various deposition parameters. Since reactive formation of AlN takes place on the substrate, one can expect the effect of substrate temperature as an important deposition parameter by varying which compositional presence of AlN and other inadvertently incorporated species can be altered.
These compositional variations are shown to affect the material properties of AlN thin films such as optical absorption, thermal conductivity and piezoelectric response [13] . Many studies have been carried out on above mentioned deposition techniques but XPS investigations of AlN thin films grown by reactive assistive IBSD are rather sparse.
Generally in XPS spectrum, information about the gross presence of various compositional constituents is provided by a 1000 eV wide survey scan. Then a ~ 10 eV wide high resolution (HR) spectrum is acquired for each individual elemental peak. Various chemical states of elements can be extracted by a detailed analysis of this HR spectrum from the respective surface core level shifts known as chemical shifts. A monochromatic X-ray source is used to facilitate such analysis by reducing the contribution of Bremsstrahlung continuum and other unwanted satellites. Another important parameter to be noticed is that only 95% of the photoelectrons emerging from the surface of AlN arise from the top 7 nm of the specimen surface. As oxygen has a high affinity towards elemental aluminum, it gets incorporated into AlN during deposition. Also, AlN reacts with atmospheric oxygen as well as humidity present in the environment to form a passivation surface layer at the film-air interface. Thus, in order to obtain information from the original surface of a specimen material, it is either pre-sputtered or as an alternative depth profiling is recommended to facilitate quantitative data collection by eliminating the deleterious effect of surface contamination [14, 15] .
In this paper, we are motivated to investigate the effect of substrate temperature on the compositional evolution of AlN thin films deposited by reactive assistive IBSD. 
Experimental
AlN thin films were grown on Si Arrangement details of main and assisted ion source in the vacuum chamber is reported in our earlier study [12] . During deposition temperature of the substrate was varied from RT to . The base pressure of the spectrometer was 2.3 x 10 -10 mbar which was maintained to be the same during measurement. The spectrometer was calibrated to the Ag3d 5/2 peak at 368.53 eV and C-1s peak at 284.6 eV. All the spectra were recorded with a resolution of 0.25 eV. For binding energy reference, C-1s peak was used. O-1s which are called as core level spectra. For this study, intensity vs. binding energy for a particular elemental scan is defined as a peak while one or more components of a peak which are mathematically generated to represent distinct chemical states within the elemental peak are defined as subpeaks. All subpeaks were fitted using a linear combination of Gaussian and
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Lorentzian shapes, commonly referred as pseudo-Voigt function [16] . Elemental atomic concentration was obtained after calculating the subpeak areas and applying relative sensitivity factors (RSFs) of 0.537, 1.000, 1.800 and 2.930 respectively for Al-2p, C-1s, N-1s and O-1s as recommended by the equipment manufacturer. Deconvolution of each core-level elemental peak and estimation of corresponding compositional variations at each substrate temperature are explained in the following sections.
Al-2p peak
The core-level spectra of peak Al-2p are shown in figure 3 at different substrate temperatures. The nature of different phases formed during deposition can be inferred from the deconvoluted components of these Al-2p peaks. For this, each individual Al-2p peak is deconvoluted using pseudo-Voigt function as one pair of 2p 3/2 and 2p 1/2 spin-orbit split subpeaks. 
N-1s peak
Successive plots of N-1s peak at different substrate temperature and their respective deconvoluted subpeaks are shown in figure 4 . Two subpeaks were used in fitting each N-1s peak using pseudo-Voigt line shapes at each substrate temperature. Among them, subpeak with higher intensity is designated as N-1s #1 and that with lower intensity as N-1s #2 . Figure 4 
O-1s peak
Successive O-1s spectra from AlN thin films grown at cumulative substrate temperatures are shown in figure 5 . The O-1s peak was fitted as two subpeaks using pseudo-Voigt line shapes.
The subpeak with higher intensity is designated as O-1s #1 while other with lower intensity is designated as O-1s # 2 for all the spectra. One noticeable feature of figure 5 is that, as the temperature of the substrate increases, intensity of O-1s peak decreases indicating lesser incorporation of oxygen at higher substrate temperatures. The subpeak O-1s #1 is found to possess ~531.4 eV binding energy at all substrate temperatures as shown in figures 5(a), 5(b) and 5(c).
As suggested by Harris et al. [22] , this subpeak can be assigned to oxygen bound to Al with high coordination number forming tiny domains of α-Al 2 ii xidized aluminum at the grain boundaries of l crystals and iii l interaction resulting from the reaction of molecular oxygen or water with aluminum at film surface and vacuum interface but with significant contribution from crystalgrain interface [7, 20] o calculate the percentage fraction of these l interaction at grain boundaries, O-1s #2 together with Al-2p 1/2 is analysed using equation (1) . Total contribution of 10.6 at. % is observed at RT which is reduced to 9.8 at % and 8.3 at. % as the temperature of the substrate is raised to 100 o C and 500 o C respectively. These values of elemental concentrations are listed in Table. 2. Thus based on above observations and analysis, it is evident that AlN becomes the major constituent of film composition while l interaction also constitutes significant fraction of it. These results are consolidated in figure 6 displaying the compositional variations of these phases at different substrate temperatures.
Conclusion
AlN thin films were grown by reactive assistive IBSD on Si (100) Tables: Table- 
